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$EVWUDFW
7KLV VWXG\ SUHVHQWV D QRYHO PRGHOLQJ DSSURDFK IRU
ZHWQHVV DQG PRLVWXUH FRQFHQWUDWLRQ LQ WKH SUHVHQFH RI WLPH
GHSHQGHQWVDWXUDWHGPRLVWXUHFRQFHQWUDWLRQE\HPSOR\LQJWKH
WUDGLWLRQDO$16<6WKHUPDODQGVXUIDFHHIIHFWHOHPHQWV7KH
DFFXUDF\RIWKHSUHVHQWDSSURDFKLVHVWDEOLVKHGE\FRPSDULVRQ
ZLWK WKRVH RI WKH H[LVWLQJ $16<6 ³GLIIXVLRQ´ DQG ³FRXSOHG
ILHOG´ HOHPHQWV DV ZHOO DV SHULG\QDPLF WKHRU\  7KH
FRPSDULVRQ FRQFHUQV WKH GHVRUSWLRQ SURFHVV LQ D IXOO\
VDWXUDWHGEDUPDGHRI WZRGLIIHUHQWPDWHULDOVZLWKHTXDODQG
XQHTXDOYDOXHVRIVROXELOLW\DFWLYDWLRQHQHUJ\LQWKHSUHVHQFH
RI WLPH GHSHQGHQW VDWXUDWHG PRLVWXUH FRQFHQWUDWLRQ XQGHU
XQLIRUPDQGQRQXQLIRUPWHPSHUDWXUHFRQGLWLRQV7KHUHVXOWV
IURP WKH SUHVHQW DSSURDFK DJUHH ZHOO ZLWK WKRVH RI
SHULG\QDPLFV DQG $16<6 ³FRXSOHG ILHOG´ HOHPHQWV LI WKH
GLIIXVLYLW\ LV VSHFLILHG DV WLPH GHSHQGHQW  6LJQLILFDQW
GHYLDWLRQRFFXUV LI WKHGLIIXVLYLW\ LVVSHFLILHGDV WHPSHUDWXUH
GHSHQGHQW  7KH $16<6 ³GLIIXVLRQ´ HOHPHQW LV DSSOLFDEOH
RQO\ IRU XQLIRUP WHPSHUDWXUH DQG GHYLDWLRQ EHFRPHV
VLJQLILFDQW HVSHFLDOO\ IRU XQHTXDO YDOXHV RI VROXELOLW\
DFWLYDWLRQHQHUJ\

,QWURGXFWLRQ
$ ODUJH SRUWLRQ RI PLFURHOHFWURQLF DQG RSWRHOHFWURQLF
FRPSRQHQWV DUH PDGH RI SRO\PHULF PDWHULDOV LQFOXGLQJ GLH
DWWDFKPDWHULDOVPROGLQJFRPSRXQGXQGHUILOOPDWHULDOV HWF
3RO\PHULF PDWHULDOV DUH VXVFHSWLEOH WR PRLVWXUH DEVRUSWLRQ
ZKLFKPD\\LHOGVLJQLILFDQWDPRXQWRIYROXPHH[SDQVLRQ)RU
PXOWLPDWHULDO V\VWHPV DV LQ HOHFWURQLF SDFNDJHV VXFK
GHIRUPDWLRQV FDQ FDXVH K\JURVFRSLF VZHOOLQJ DQG VWUHVVHV
'XULQJ WKH VROGHU UHIORZ SURFHVV PRLVWXUH WXUQV LQWR KLJK
SUHVVXUHYDSRUWKDWFDQUHVXOWLQFUDFNLQJFRLQHGDV³SRSFRUQ
FUDFNLQJ´ >@ +HQFH LW LV HVVHQWLDO WR DQDO\]H WKH HIIHFW RI
PRLVWXUHWRHQVXUHWKHUHOLDELOLW\RIWKHHOHFWURQLFSDFNDJHV
$V SDUW RI D ILQLWH HOHPHQW DQDO\VLV ³ZHWQHVV´ FRQFHSW
LQWURGXFHG E\ :RQJ HW DO >@ LV FRPPRQO\ DFFHSWHG IRU
PRLVWXUHFRQFHQWUDWLRQSUHGLFWLRQLQHOHFWURQLFSDFNDJHVZLWK
PXOWLPDWHULDO LQWHUIDFHV  :HWQHVV DSSURDFK LV UDWKHU
VWUDLJKWIRUZDUG LQ WKH FDVH RI VDWXUDWHG FRQFHQWUDWLRQ ZKHQ
LQGHSHQGHQW RI WLPH DQG WHPSHUDWXUH ,Q VXFK FDVHV D
VWDQGDUGWKHUPDOPRLVWXUHDQDORJ\FDQEHSHUIRUPHGWKURXJK
DWKHUPDOGLIIXVLRQDQDO\VLVXVLQJDFRPPHUFLDOVRIWZDUHDIWHU
FDOLEUDWLQJLWVSDUDPHWHUV,IVDWXUDWHGFRQFHQWUDWLRQGHSHQGV
RQ WLPH WKH ZHWQHVV HTXDWLRQ LV QR ORQJHU DQDORJRXV WR WKH
WKHUPDOGLIIXVLRQHTXDWLRQ
:RQJ HW DO >@ H[WHQGHG WKH DSSOLFDELOLW\ RI ZHWQHVV
FRQFHSW IRU PXOWL±PDWHULDO V\VWHPV XQGHU WUDQVLHQW ORDGLQJ
DQG QDPHG LW DV ³SLHFHZLVH QRUPDOL]DWLRQ´ DSSURDFK
+RZHYHU WKLVDSSURDFKUHTXLUHVVHYHUDO ORDGVWHSV WRHQVXUH
DFFXUDF\ DQG LW LV DOVRFRPSXWDWLRQDOO\ H[SHQVLYHGXH WR LWV
FRPSOH[ VXEURXWLQHV  )RU WKLV UHDVRQ :RQJ >@ LQWURGXFHG
DQRWKHU DSSURDFK ZKLFK LV PRUH FRQYHQLHQW DQG LV HDV\ WR
LPSOHPHQW QDPHGDV ³LQWHUQDO VRXUFH´ DSSURDFK  +RZHYHU
WKH FRQYHUJHQFH RI WKLV DSSURDFK LV KLJKO\ GHSHQGHQW RQ
QXPEHURILWHUDWLRQVFDUULHGRXWGXULQJHDFKWLPHVWHS$OVR
'L\DURJOXHWDO>@DSSOLHGSHULG\QDPLFVZLWKLQWKH$16<6
IUDPHZRUNWRVROYHIRUZHWQHVVDQGPRLVWXUHFRQFHQWUDWLRQLQ
WKH SUHVHQFH RI WLPH GHSHQGHQW VDWXUDWHG PRLVWXUH
FRQFHQWUDWLRQZLWKRXWUHTXLULQJLWHUDWLYHVROXWLRQVFKHPHV
$V DQ DOWHUQDWLYH WR WKHVH DSSURDFKHV $16<6 D
FRPPHUFLDO ILQLWH HOHPHQW VRIWZDUH RIIHUV ³GLIIXVLRQ´ DQG
³FRXSOHG ILHOG´ HOHPHQWV IRU ZHWQHVV ILHOG DQG PRLVWXUH
FRQFHQWUDWLRQ  7KHVH HOHPHQWV DOORZ IRU HLWKHU WLPH RU
WHPSHUDWXUHGHSHQGHQWVDWXUDWHGPRLVWXUHFRQFHQWUDWLRQ7KH
$16<6 ³GLIIXVLRQ´ HOHPHQW LV DSSOLFDEOH RQO\ IRU XQLIRUP
WHPSHUDWXUH  $OWKRXJK LW SHUPLWV WLPH GHSHQGHQW VDWXUDWHG
PRLVWXUH FRQFHQWUDWLRQ WKH FRQWULEXWLRQ IURP LWV UDWH RI
FKDQJHLVGLVUHJDUGHGLQWKHJRYHUQLQJILHOGHTXDWLRQV
7KLV VWXG\ SUHVHQWV D QRYHO PRGHOLQJ DSSURDFK IRU
ZHWQHVV DQG PRLVWXUH FRQFHQWUDWLRQ LQ WKH SUHVHQFH RI WLPH
GHSHQGHQWVDWXUDWHGPRLVWXUHFRQFHQWUDWLRQE\HPSOR\LQJWKH
WUDGLWLRQDO $16<6 WKHUPDO DQG VXUIDFH HIIHFW HOHPHQWV  ,WV
DFFXUDF\LVHVWDEOLVKHGE\PRGHOLQJWKHGHVRUSWLRQSURFHVVLQ
D IXOO\ VDWXUDWHG EDU PDGH RI WZR GLIIHUHQW PDWHULDOV ZLWK
HTXDODQGXQHTXDOYDOXHVRIVROXELOLW\DFWLYDWLRQHQHUJ\LQWKH
SUHVHQFH RI WLPHGHSHQGHQW VDWXUDWHGPRLVWXUH FRQFHQWUDWLRQ
XQGHUXQLIRUP DQGQRQXQLIRUP WHPSHUDWXUHFRQGLWLRQV 7KH
SUHVHQW UHVXOWV DJUHH ZHOO ZLWK WKRVH RI $16<6 ³FRXSOHG
ILHOG´ HOHPHQWV KDYLQJ WLPH GHSHQGHQW GLIIXVLYLW\ DQG
SHULG\QDPLFV  6LJQLILFDQW GHYLDWLRQ RFFXUV LI WKH GLIIXVLYLW\
LV VSHFLILHG DV WHPSHUDWXUH GHSHQGHQW  7KH $16<6
³GLIIXVLRQ´ HOHPHQW OHDGV WR VLJQLILFDQW GHYLDWLRQ HVSHFLDOO\
IRU XQHTXDO YDOXHV RI VROXELOLW\ DFWLYDWLRQ HQHUJ\ 7KLV QHZ
DSSURDFKUHPRYHVWKHQHHGIRUFRXSOHGILHOGDQDO\VLVDQGLWLV
FRPSXWDWLRQDOO\HIILFLHQWDQGHDV\WRLPSOHPHQW

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7KLV HTXDWLRQ DOVR NQRZQ DV WKH VHFRQG )LFN¶V ODZ LV YDOLG
RQO\ LQ KRPRJHQHRXV GRPDLQV  ,Q RUGHU WR FRQVLGHU
QRQKRPRJHQHRXV GRPDLQV :RQJ HW DO >@ LQWURGXFHG D
QRUPDOL]HGZHWQHVVSDUDPHWHU C LQWKHIRUPRI
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LQ ZKLFK  satC t  LV WKH VDWXUDWHG PRLVWXUH FRQFHQWUDWLRQ
ZKLFK GHILQHV WKH GHJUHH RI VDWXUDWLRQ LQ D PDWHULDO 7KLV
QRUPDOL]DWLRQ VDWLVILHV WKH HTXDOLW\ RI FKHPLFDO SRWHQWLDOV DW
WKH LQWHUIDFH RI GLVVLPLODU PDWHULDOV  $FFRUGLQJ WR WKLV
SULQFLSOH WKH UDWLR RI FRQFHQWUDWLRQV DW WKH LQWHUIDFH RI
PDWHULDOVADQGBUHPDLQVFRQVWDQWDWDQ\WLPHDV
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ZKLFK UHVXOWV LQ A BC C   7KXV WKH FRQWLQXLW\ RI ZHWQHVV
DXWRPDWLFDOO\VDWLVILHVWKHHTXDOL]DWLRQRIFKHPLFDOSRWHQWLDOV
DWWKHLQWHUIDFHV
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:LWKLQ WKH$16<6 IUDPHZRUN WKH VROXWLRQ WR WKLV HTXDWLRQ
FDQ EH GLUHFWO\ FRQVWUXFWHG WKURXJK WKH WKHUPDO DQDORJ\
+RZHYHUWKHWKHUPDODQDORJ\LVQRWDSSOLFDEOHZKHQ
satC LV
WLPH GHSHQGHQW  7KHUHIRUH $16<6 HOHPHQW OLEUDU\ RIIHUV
³GLIIXVLRQ´HOHPHQWVDQG³FRXSOHGILHOG´HOHPHQWVWRVROYHIRU
WKHZHWQHVVILHOGLQWKHSUHVHQFHRIWLPHGHSHQGHQW
satC >@
+RZHYHU WKHVH HOHPHQWV DUH EDVHG RQ WKHPRGLILHG IRUPRI
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LQ ZKLFK WKH XQNQRZQ ILHOGV DUH 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T t[ 
7KHUHIRUHLWLVUHIHUUHGWRDVFRXSOHGZHWQHVVILHOGHTXDWLRQ
,Q WKLV HTXDWLRQ GLIIXVLYLW\ FDQ EH VSHFLILHG DV WLPH RU
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$16<6³GLIIXVLRQ¶DQG³FRXSOHGILHOG´HOHPHQWV
$16<6 D FRPPHUFLDO ILQLWH HOHPHQW VRIWZDUH RIIHUV
³GLIIXVLRQ´HOHPHQWV3ODQHZLWKQRGHV6ROLGZLWK
QRGHVDQG6ROLGZLWKQRGHV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RI IUHHGRP '2) DV FRQFHQWUDWLRQ 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7KHVHHOHPHQWVDUHVXLWDEOHIRUWKHVROXWLRQRI(TEDVHG
RQFRQVWDQW satC DSSUR[LPDWLRQ,I satC LVGHILQHGZLWK³03
&6$7´ FRPPDQG LQ $16<6 WKH FRQFHQWUDWLRQ '2)
UHSUHVHQWVWKHZHWQHVVSDUDPHWHU7KLVHOHPHQWSHUPLWVHLWKHU
WLPH RU WHPSHUDWXUH GHSHQGHQW satC  YDOXHV   +RZHYHU LW LV
VXLWDEOH IRU RQO\ XQLIRUP WHPSHUDWXUH  ,Q WKH FDVH RI
QRQXQLIRUP WHPSHUDWXUH $16<6 RIIHUV ³FRXSOHG ILHOG´
HOHPHQWV 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FRQGLWLRQV WKXV VXLWDEOH IRU WKHVROXWLRQRI(T  7KHLU
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ZKHUH d& LVWKHHOHPHQWGLIIXVLRQGDPSLQJPDWUL[ dt& LVWKH
HOHPHQW WKHUPDO±GLIIXVLRQ GDPSLQJ PDWUL[ d.  LV WKH
HOHPHQW GLIIXVLRQ FRQGXFWLYLW\ PDWUL[ dN.  LV WKH QRQOLQHDU
SDUW RI WKH HOHPHQW GLIIXVLRQ FRQGXFWLYLW\ PDWUL[ DVVRFLDWHG
ZLWK WKHUPRPLJUDWLRQ dN.  LV WKH QRQOLQHDU SDUW RI WKH
HOHPHQWGLIIXVLRQFRQGXFWLYLW\PDWUL[SURGXFHGE\
satC Tw w 
dtN.  LV WKH QRQOLQHDU SDUW RI WKH HOHPHQW WUDQVSRUW
FRQGXFWLYLW\PDWUL[ dt. LVWKHHOHPHQWWUDQVSRUWFRQGXFWLYLW\
PDWUL[ dt.  LV WKH HOHPHQW WKHUPDO ± GLIIXVLRQ FRQGXFWLYLW\
PDWUL[SURGXFHGE\
satC Tw w  dtN.  LV WKHQRQOLQHDUSDUWRI
WKH HOHPHQW WUDQVSRUW FRQGXFWLYLW\ PDWUL[ SURGXFHG E\
satC Tw w  DQG 5  LV WKH QRGDO GLIIXVLRQ IORZ UDWH YHFWRU
7KH\DUHH[SOLFLWO\GHILQHGLQ$16<6PDQXDO>@DV
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$VGHVFULEHGLQWKH$16<6PDQXDO>@WKHILQDOIRUPRIWKH
FRXSOHGILQLWHHOHPHQWWKHUPDOGLIIXVLRQPDWUL[HTXDWLRQVFDQ
EHH[SUHVVHGDV
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LQ ZKLFK t&  t.  DQG 4  DUH UHOHYDQWRQO\ WR WKHKHDW IORZ
UHSUHVHQWLQJ WKH HOHPHQW VSHFLILF KHDW PDWUL[ WKH HOHPHQW
WKHUPDO FRQGXFWLYLW\ PDWUL[ DQG WKH HOHPHQW KHDW JHQHUDWLRQ
ORDG PDWUL[ UHVSHFWLYHO\  7KH WKHUPDO FRQGXFWLYLW\ PDWUL[
FDQEHH[SUHVVHGDV t tm tb tc  . . . . LQZKLFK tm.  tb. 
DQG tc.  DUH WKHHOHPHQWPDVV WUDQVSRUW FRQGXFWLYLW\PDWUL[
HOHPHQWGLIIXVLRQFRQGXFWLYLW\PDWUL[DQGHOHPHQWFRQYHFWLRQ
VXUIDFH FRQGXFWLYLW\ PDWUL[ UHVSHFWLYHO\  ,I WKH
WKHUPRPLJUDWLRQLVQHJOLJLEOHWKLVHTXDWLRQFDQEHUHGXFHGWR

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$16<6WKHUPDODQGVXUIDFHHIIHFWHOHPHQWV
7KH WUDGLWLRQDO $16<6 WKHUPDO HOHPHQW DQG VXUIDFH HIIHFW
HOHPHQW FDQ EH HPSOR\HG IRU VROYLQJ WKH ZHWQHVV HTXDWLRQ
(T  ZLWK  D D t  DQG   sat satC C t   $SSO\LQJ WKH
YLUWXDOZRUNSULQFLSOHDQGXVLQJWKHGLYHUJHQFHWKHRUHP(T
FDQEHUHZULWWHQDV

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ZKHUH eV  eS DQG Q LQGLFDWHWKHHOHPHQW¶VYROXPHVXUIDFH
DQGXQLWQRUPDOWRWKHVXUIDFHUHVSHFWLYHO\,QWKLVHTXDWLRQ
WKH UDWH RI FKDQJH RI  satC t  LH satdC dt  LV DSSUR[LPDWHG
E\XVLQJEDFNZDUG(XOHUPHWKRGDV

satCH C
t
' '  

$IWHU VXEVWLWXWLQJ IRU C  LQ (T  IURP (T D ZLWK
DUELWUDU\ eG& (TFDQEHUHZULWWHQLQDPDWUL[IRUP

 dt d de   H& & & . & 5  

ZKHUH dt&  d& DQG d. DUHH[SUHVVHGDV
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
7KLV HTXDWLRQ LV DQDORJRXV WR WKH KHDW IORZ HTXDWLRQ
GHVFULEHGLQ$16<6DV
 t tb tc ge e e e e e   & 7 . . 7 4  

ZKHUH t
e&  tbe.  tce.  DQG ge4  DUH HOHPHQW VSHFLILF KHDW
PDWUL[ HOHPHQW GLIIXVLRQ FRQGXFWLYLW\ PDWUL[ HOHPHQW
FRQYHFWLRQ VXUIDFH FRQGXFWLYLW\ PDWUL[ DQG HOHPHQW KHDW
JHQHUDWLRQORDGUHVSHFWLYHO\7KH\DUHH[SOLFLWO\GHILQHGDV

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ZKHUH U  c   D t  fh DQG q  LQGLFDWH WKH GHQVLW\ WKH
VSHFLILF KHDW WKH WKHUPDO FRQGXFWLYLW\ WKH ILOP FRHIILFLHQW
DQG WKH KHDW JHQHUDWLRQ UDWH SHU XQLW YROXPH UHVSHFWLYHO\
&RPSDULQJ WKH ZHWQHVV DQG KHDW IORZ HTXDWLRQV ZLWK HDFK
RWKHU LH (TV  DQG  WKHUH H[LVWV FRUUHVSRQGHQFH
EHWZHHQ WKH WKHUPDO SDUDPHWHUV cU  tD  fh  DQG q  DQG
GLIIXVLRQ SDUDPHWHUV  satC t   satDC t  satC tw w  DQG G
7KHUHIRUH (T  FDQ EH HDVLO\ FRQVWUXFWHG E\ PRGLI\LQJ
YDULDEOHV LQ $16<6 DV GHPRQVWUDWHG IRU RQHGLPHQVLRQDO
DQDO\VLVLQ7DEOHVDQG
)RU RQHGLPHQVLRQDO DQDO\VLV WKLV HTXDWLRQ FDQ EH
FRQVWUXFWHG E\ XVLQJ WKHUPDO OLQN /,1. DQG WKHUPDO
VXUIDFH HIIHFW 685) HOHPHQWV EHWZHHQ WZR QRGHV
VKRZQLQ)LJ7KHWKHUPDOOLQNHOHPHQWLVXVHGIRU t
e
& DQG
tb
e. PDWULFHV DQG WKH WKHUPDO VXUIDFH HIIHFW IRU tce.  PDWUL[
7KH PRGLILFDWLRQ RI WKHUPDO SDUDPHWHUV ZLWK GLIIXVLRQ
SDUDPHWHUV IRU /,1. DQG 685) HOHPHQWV DUH
GHPRQVWUDWHGLQ7DEOHVDQG,Q7DEOHWKHVXEVFULSWn DW
nD  DQG  sat nC  VSHFLILHVWKHFXUUHQWWLPHVWHSQXPEHU,Q
7DEOHWKHUDWHRI satC LVDSSUR[LPDWHGZLWKEDFNZDUG(XOHU
PHWKRG DV satC t' '  LQ ZKLFK ' LPSOLHV WKH GLIIHUHQFH RI
YDOXHV EHWZHHQ WKH WLPH VWHSV 0RUHRYHU WKH QRGDO KHDW
JHQHUDWLRQ UDWH SHUXQLW YROXPH q  FDQEHXVHG LQSODFHRI
GLIIXVLQJ VXEVWDQFH JHQHUDWLRQ UDWH SHU XQLW YROXPH G LQ
$16<6E\GHILQLQJWKHQRGDOORDGVZLWK³%)1RGH+*(1
9DOXH´FRPPDQG



)LJ7KHUPDOOLQNDQGVXUIDFHHIIHFWHOHPHQWVEHWZHHQ
QRGHVDQG

1XPHULFDOUHVXOWV
7KHQXPHULFDOUHVXOWVFRQFHUQWKHPRGHOLQJRIGHVRUSWLRQ
SURFHVVLQDEDUE\HPSOR\LQJWKHWUDGLWLRQDOWKHUPDOOLQNDQG
VXUIDFH HIIHFW HOHPHQWV ³GLIIXVLRQ´ HOHPHQWV DQG ³FRXSOHG
ILHOG´ HOHPHQWV  7KH EDU LV FRPSRVHG RI WZR GLIIHUHQW
PDWHULDOVDVVKRZQLQ)LJ  ,W LV LQLWLDOO\ IXOO\VDWXUDWHGDW
q&RHZLWK LVRODWHG ODWHUDO VXUIDFHV7KHSURSHUWLHV
RI HDFK PDWHULDO DUH JLYHQ LQ 7DEOHV  DQG  SUHYLRXVO\
FRQVLGHUHGE\:DQJHWDO>@


)LJ$EDUFRPSRVHGRIWZRPDWHULDOV

7KH LQLWLDO DQG ERXQGDU\ FRQGLWLRQV LQ WHUPV RI WKH ZHWQHVV
SDUDPHWHUFDQEHVSHFLILHGDV

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LQZKLFK L DQG h UHSUHVHQWWKHOHQJWKDQGWKLFNQHVVRIWKH
EDUUHVSHFWLYHO\
$OVRWKHVROXELOLW\DFWLYDWLRQHQHUJ\RIPDWHULDOVDQG
FDQEHHLWKHUHTXDORUXQHTXDODWWKHLQWHUIDFH7KHVDWXUDWHG
FRQFHQWUDWLRQ  satC t DQGGLIIXVLYLW\  D t FDQEHH[SUHVVHG
DV

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LQ ZKLFK R LV WKH XQLYHUVDO JDV FRQVWDQW
 -.PROR   D  LV WKH GLIIXVLYLW\ IDFWRU S  LV WKH
VROXELOLW\ IDFWRU P  LV WKH SUHVVXUH IDFWRU DE  LV WKH
DFWLYDWLRQ HQHUJ\ RI WKH GLIIXVLYLW\ SE  LV WKH DFWLYDWLRQ
HQHUJ\RIWKHVROXELOLW\ VPE  LVWKHYDSRUSUHVVXUHDFWLYDWLRQ
HQHUJ\DQGRHLQGLFDWHVWKHUHODWLYHKXPLGLW\
,Q WKH FDVH RI ³FRXSOHG ILHOG´ HOHPHQWV WKH VDWXUDWHG
FRQFHQWUDWLRQ  satC T  LV VSHFLIHGDV WHPSHUDWXUHGHSHQGHQW
+RZHYHU WKH GLIIXVLYLW\ FDQ EH VSHFLILHG DV HLWKHU WLPH
GHSHQGHQW  D t  RU WHPSHUDWXUH GHSHQGHQW  D T   7KH
WHPSHUDWXUH ILHOGFDQEHHLWKHUXQLIRUPRUQRQXQLIRUP 7KH
XQLIRUPWHPSHUDWXUHLVDSSOLHGDV

      &T x t t  D  D

7KH QRQXQLIRUP WHPSHUDWXUH LV DFKLHYHG WKURXJK WKH
ERXQGDU\FRQGLWLRQVVSHFLILHGDV

       &T x L t t r   D  E

+RZHYHU WKH ³GLIIXVLRQ´ HOHPHQW LV QRW DSSOLFDEOH XQGHU
QRQXQLIRUP WHPSHUDWXUH EHFDXVH WKH WHPSHUDWXUH LV QRW
NQRZQ DSULRUL  $OVR WKH VROXWLRQV ZLWK ³GLIIXVLRQ´ DQG
³FRXSOHGILHOG´HOHPHQWVDUHREWDLQHGIRUQHJOLJLEOHWUDQVSRUW
YHORFLW\DQGWKHUPRPLJUDWLRQUHVSHFWLYHO\
7KH)(GLVFUHWL]DWLRQRIDEDUZLWK WKHUPDOHOHPHQWVDQG
ZLWK'³GLIIXVLRQ´RU³FRXSOHGILHOG´HOHPHQWVDUHVKRZQLQ
)LJV  DQG   7KH EDU KDV D OHQJWK RI  PPL   DQG D
WKLFNQHVVRI h L ,WVFURVVVHFWLRQDODUHDLVVSHFLILHGDV
A h   7KH VSDFLQJ EHWZHHQ WKH QRGHV LV VSHFLILHG DV
x h'  ,QPRGHOLQJZLWKRI'WKHUPDOHOHPHQWVWKHFURVV
VHFWLRQDODUHDLVGHILQHGE\³516(7A´FRPPDQGDQGZLWK
' ³GLIIXVLRQ´ DQG ³FRXSOHG ILHOG´ HOHPHQWV RQO\ WKH
WKLFNQHVVRIWKHEDULVGHILQHGE\³516(7 x' ´FRPPDQG
7KH VROXWLRQ WLPH VWHS VL]H LV FKRVHQ DV VHFt'   DQG WKH
WRWDO WLPH LV VSHFLILHG DV  VHFt   DQG WKH PRLVWXUH
FRQFHQWUDWLRQ UHVXOWV DUH SORWWHG DW  VHFt    7KH UHVXOWV
REWDLQHG ZLWK WKH $16<6 WKHUPDO GLIIXVLRQ DQG FRXSOHG
ILHOG HOHPHQWV DUH DOVR FRPSDUHG DJDLQVW WKH SHULG\QDPLF
VROXWLRQ >@ IRU XQLIRUP DQG QRQXQLIRUP WHPSHUDWXUH ZLWK
HTXDODQGXQHTXDOVROXELOLW\DFWLYDWLRQHQHUJ\RIPDWHULDOV
DQG   ,Q WKH FDVH RI XQHTXDO VROXELOLW\ DFWLYDWLRQ HQHUJ\
PDWHULDOKDV    -PROSE  u 


)LJ7KH)(GLVFUHWL]DWLRQRIDEDUZLWKSUHVHQW
DSSURDFK



)LJ7KH)(GLVFUHWL]DWLRQRIDEDUZLWK³GLIIXVLRQ´RU
³FRXSOHGILHOG´HOHPHQWV


Desorption under uniform temperature with equal and 
unequal values of SE  
$V VKRZQ LQ )LJV  DQG  WKH SUHGLFWLRQV EDVHG RQ WKH
SUHVHQW DSSURDFK ZLWK WKHUPDO HOHPHQWV ³FRXSOHG ILHOG´
HOHPHQWV ZLWK  D t  DQG  satC T  DQG SHULG\QDPLFV DUH LQ
H[FHOOHQWDJUHHPHQWIRUERWKHTXDODQGXQHTXDOYDOXHVRI SE 
7KH ³FRXSOHG ILHOG´ HOHPHQWV ZLWK  D T  DQG  satC T DQG
³GLIIXVLRQ´ HOHPHQWV SUHVHQW VLJQLILFDQW GHYLDWLRQ IURP WKH
RWKHUVROXWLRQV:KHQGLIIXVLYLW\  D t LVLPSRVHGDVDWLPH
GHSHQGHQW SURSHUW\ LWV YDOXH LV NQRZQ EHIRUH WKH QH[W WLPH
VWHS DV SDUW RI WLPH LQWHJUDWLRQ DQG GRHV QRW UHTXLUH
DSSUR[LPDWLRQ  +RZHYHU LW UHTXLUHV DSSUR[LPDWLRQ IRU WKH
QH[WWLPHVWHSLILPSRVHGDV  D T OHDGLQJWRWKHGHYLDWLRQLQ
UHVXOWV  7KHUHIRUH WKH UHVXOWV GHYLDWH VLJQLILFDQWO\ IURP WKH
FRUUHFWVROXWLRQ$OVRWKH³GLIIXVLRQ´HOHPHQWVGRQRWSUHGLFW
WKH FRUUHFW FRQFHQWUDWLRQ EHFDXVH LW GLVUHJDUGV WKH HIIHFW RI
UDWHRIVDWXUDWHGFRQFHQWUDWLRQ

Desorption under nonuniform temperature with equal and 
unequal values of SE  
7KH ³GLIIXVLRQ´ HOHPHQW LV QRW DSSOLFDEOH GXH WR WKH
QRQXQLIRUPLW\RIWHPSHUDWXUHILHOG$OVRWKH³FRXSOHGILHOG´
HOHPHQWZLWK WLPHGHSHQGHQW  D t  LVQRWDSSOLFDEOHEHFDXVH
GLIIXVLYLW\  D t JLYHQ LQ (T D KLJKO\ GHSHQGV RQ
WHPSHUDWXUHZKLFKLVWKHXQNQRZQ'2)LQWKLVSUREOHP7KH
FRQFHQWUDWLRQUHVXOWVDORQJ WKHEDUDUHSORWWHG LQ)LJVDQG
  $V DSSDUHQW IURP WKHVH ILJXUHV WKH SUHGLFWLRQV IURP WKH
SUHVHQW DSSURDFK DQG SHULG\QDPLFV DUH LQ H[FHOOHQW
DJUHHPHQW +RZHYHU WKH UHVXOWVIURPWKH$16<6³FRXSOHG
ILHOG´ HOHPHQWV ZLWK WHPSHUDWXUH GHSHQGHQW  D T  GHYLDWH
VLJQLILFDQWO\

&RQFOXVLRQV
7KLVVWXG\SUHVHQWVDQHZPRGHOLQJDSSURDFKIRUZHWQHVV
DQGPRLVWXUHFRQFHQWUDWLRQLQWKHSUHVHQFHRIWLPHGHSHQGHQW
VDWXUDWHGPRLVWXUHFRQFHQWUDWLRQE\HPSOR\LQJWKHWUDGLWLRQDO
$16<6WKHUPDODQGVXUIDFHHIIHFWHOHPHQWV7KHDFFXUDF\RI
WKHSUHVHQWDSSURDFKLVHVWDEOLVKHGE\FRPSDULVRQZLWKWKRVH
RI WKH H[LVWLQJ $16<6 ³GLIIXVLRQ´ DQG ³FRXSOHG ILHOG´
HOHPHQWV DV ZHOO DV SHULG\QDPLF WKHRU\  7KH FRPSDULVRQ
FRQFHUQVWKHGHVRUSWLRQSURFHVVLQDIXOO\VDWXUDWHGEDUPDGH
RI WZR GLIIHUHQW PDWHULDOV ZLWK HTXDO DQG XQHTXDO YDOXHV RI
VROXELOLW\DFWLYDWLRQHQHUJ\LQWKHSUHVHQFHRIWLPHGHSHQGHQW
VDWXUDWHG PRLVWXUH FRQFHQWUDWLRQ XQGHU XQLIRUP DQG
QRQXQLIRUP WHPSHUDWXUH FRQGLWLRQV  7KH SUHVHQW DSSURDFK
SUHGLFWV FRUUHFW FRQFHQWUDWLRQ IRU DOO FDVHV FRQVLGHUHG
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 Material 1 Material 2 
Diffusivity factor, D   P V   u   u 
Solubility factor, S  NJP 3D   u   u 
Pressure factor, P   3D   u   u 
Diffusion activation energy, DE   -PRO   u   u 
Solubility activation energy, SE   -PRO   u   u 
Vapor pressure activation energy, VPE   -PRO   u   u 
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
7DEOH7KHUPDO0DWHULDO3URSHUWLHV>@
 Material 1 Material 2 
Density, U   NJP   u   u 
Specific Heat, 
vc   -NJ.   u   u 
Thermal Conductivity, k   :P.     


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